Synthesis of 1, 2-disubstituted benzimidazoles by reaction of N-substituted benzene-1,2diamine with different aldehydes was developed. This greener procedure proceeds with the help of oxygen in water at 60 o C. The advantages of proposed method are catalyst-free conditions in water, short reaction time and excellent yields.
Introduction
Benzimidazoles are the very important unit in the heterocycles due to their biological as well as pharmaceutical importance. The interest of researchers towards benzimidazole containing heterocycles was increased because 5,6-dimethyl-1-(α-D-ribofuranosyl)benzimidazole is a basic part of vitamin The scaffold like benzimidazole is observed in a number of compounds of pharmaceutical 1 12. 
B
anti 4 fungal, -anti 3 cancer, -Benzimidazoles exhibit a lot of biological activities like anti 2 interest.
activities. 9 inflammatory and antiulcer agents -ti an 7, 8 antiviral, 6 leishimanial, -anti 5 bacterial, and functional 11 fluorescent whitening agent dyes, 10 Benzimidazoles are also used as organic ligands, -Classical methods of benzimidazoles synthesis include the condensation of 1,2 12 materials. 17, 18 or carboxylic acids under relatively harsh conditions. 16 -13 ines with either aldehydes phenylenediam Benzimidazoles are formed in one step by coupling of phenylenediamines and carboxylic acids, 19 or their derivatives (nitriles, imidates, or orthoesters), 20 which require acidic conditions, high temperatures or the use of microwave irradiation. 21 Similarly benzimidazoles are formed in two steps i.e. by oxidative cyclodehydrogenation of aniline Schiff's bases. This method requires different oxidative reagents such as nitrobenzene, 22 1,4-benzoquinone, 23 2,3-dichloro-5, 6-dicyanobenzoquinone (DDQ), 24 benzofuroxan, 25 MnO2, 26 Pb(OAc)4, 27 oxone, 28 NaHSO3, 29 Na2S2O5, 30 and oxygen. 31 These procedures require work-up and purifications to avoid by-products formation. Therefore, it is important to introduce mild, efficient and catalyst-free environment friendly methods for the synthesis of benzimidazoles. As per literature, imines were formed by the reaction of primary amines with carbonyl compounds in aqueous media. 32 And the same way, benzimidazoles were formed using oxygen as an oxidant, 31, 33 and in aqueous media. By using these two conditions, we conclude that oxygen plays an important role in the synthesis of benzimidazoles in water. Here, we are report the preparation of substituted benzimidazoles from N-substituted benzene-1,2-diamine and different aldehydes using oxygen as oxidant in water.
Results and Discussion
We started our study by designing N 1 -(2-(4-chlorophenoxy)ethyl)benzene-1,2-diamine (4) as the starting material to generate desired benzimidazole products (5). As we have 1-fluoro-2-nitrobenzene (1) and 2-(4-chlorophenoxy) ethanamine (2) available, synthesis of the starting material was easily performed and then on reduction. We can use any substituted amine for the synthesis instead of 2-(4chlorophenoxy) ethanamine. The reaction between N-substituted-benzene-1,2-diamine and an aldehyde during 3-5 hours in the presence of oxygen in water is fast, clean and high-yielded. The important advantages of this protocol are; (a) no catalyst required; (b) gives excellent yields of products; (c) the method is efficient and environment-friendly.
The comparison of this method with previous ones shows that the products formed in 3-5 hours in the presence of oxygen in water at 60 o C. This method is advantageous because the products formed in good to excellent yield (70 -96%) without using any catalyst.
Scheme 1. Synthesis of benzimidazoles in the presence of oxygen in water
The reaction of (1) with (2) in methanol to produce (3) takes six hours. After the confirmation of product formation, zinc and ammonium chloride were added to the same reaction mixture and stirring continued for another six hours at room temperature. 34 Compound (4) was reacting with different aldehydes in water in the presence of oxygen to formed respective benzimidazoles. Firstly, N 1 -(2-(4chlorophenoxy)ethyl)benzene-1,2-diamine (4) (1 mmol) and benzaldehyde (1 mmol) were taken with water at room temperature and stirred for 10 h to get 10% of the product. The progress of the reaction was monitored by thin layer chromatography. Same reaction was carried out at 60 o C for 5 h to get 50% of desired benzimidazole. However, when the reaction was tried in the presence of oxygen, the reaction precedes fast affording 96% of respective benzimidazole in 3 hours. After optimizing the conditions, the reactions were performed with different aldehydes. The reactions were observed to proceed clean with all the aldehydes (Table 1) . Scheme 2. Proposed mechanism of the reaction of the one-pot synthesis of benzimidazoles.
Conclusions
In conclusion, a one pot synthesis of benzimidazoles from N 1 -(2-(4-chlorophenoxy)ethyl)benzene-1,2-diamine and aldehydes in water by using oxygen was successfully developed. This protocol employs the green and readily available oxygen as the oxidant for efficient aromatisation. The whole reaction could be processed in one pot, which greatly simplified operations.
General procedure for the synthesis of 1,2-disubstituted benzimidazoles
The aldehydes (1 mmol) were added to the suspension of N 1 -(2-(4-chlorophenoxy)ethyl)benzene-1,2-diamine (4) (1 mmol) in water (10 mL) and the mixture was stirred at room temperature for 1 hour to get imine having different type of suspension. Then, the reaction mixture was heated to 60 0 C for 3-5 hours in the presence of oxygen. As soon as the reaction proceeds, the reaction mixture became clear. The progress of reaction was monitored by TLC in ethyl acetate. After completion of the reaction, the reaction mixture was cooled to room temperature to obtained solids. Solid product was filtered and washed by ice water. The crude solid product was further washed with ice cooled diethyl ether to remove traces of water to afford the pure product 5a-l. The structures of desired products were analyzed using 1 H NMR and LCMS spectra. 64.78; H, 5.16; Cl, 9.56; N, 7.55; O, 12.94; N, 9.80 ; O, 3.73; Found: C, 64.60; H, 5.14; Cl, 9.66; N, 7.61; O, 12.99. 
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